Introduction
There can be no doubt that computer games 2 are artifacts with an increasing importance for our culture. Game industry has passed the annual trade of film production and game design is one of the prime movers for the development of information technology leading the way for other sectors. The potentials and properties of this media is something that the growing generation takes for granted. Historically computer games has brought along cultural activities that never has been technically possible before. For instance the possibility to manipulate and interact with people from all over the world in virtual a game space constituted of realistic photographic images. These new activities have been the subject for both expectations and uneasiness. Educators, researchers, designers and parents have raised arguments about what computer games will imply for childhood. There seems to be a strong belief that the use of computer games can contribute to different aspects of children's development. On the other hand there is an even stronger anxiety that computer games have negative social and cognitive effects on children. Even though this means that there is an obvious need for research around the issue of computer games as a part of contemporary childhood, the academic comprehension in this matter are divided into fragments of knowledge scattered over a field of different discourses and traditions.
In this essay we will try to summarize and discuss some findings and arguments about children and computer games. In order to do this we will outline and sketch some of the different empirical findings and research traditions that we find relevant for the understanding of computer games as a part of childhood. The purpose of this is to contribute with an overview that can be utilized as a resource for educators, parents, designers and others who deal with matters concerning children and computer games.
Structure of the essay
When you search for research on computer games in different academic journals, browse through articles on the web or read theses on the subject, the first thing you notice is that computer games have been studied from a number of different perspectives with completely different research interests. Media research, postmodern perspectives, experimental psychology, informatics, educational technology, play theory and semiotics are just some of the different traditions analyzing computer games. These traditions are constituted of different discourses, with different theoretical assumptions and with different constellations of references. While this might be true for a number of different research topics, the matter of computer games has a dimension that makes the confusion even bigger. Computer games are relatively young artifacts, and much of the knowledge produced around them has been done outside the traditional academic world by applied researchers and designers. What counts as scientific knowledge often depends upon whom you ask. It would be easy to say that only material published in academic journals should count as scientific, thereby gaining a principle for choosing literature. We think that this would lead to a reduction of the knowledge that has been produced about games, and since our main purpose is to sketch an overview of produced knowledge we might have had neglected to account influential ideas about games. Instead we have tried to focus on journals, theses, reports as well as academic books, and utilized online references and conference proceedings when we have found it suitable. We thereby leave it up to the reader to judge the quality of our sources. The writers, researchers or research teams behind a source could then more appropriately be described as actors who materialize traditions and perspectives. There is seldom any communication between the actors from different traditions and after some reading one gets the feeling that everyone is exploring their own "area" without bothering about were to place themselves on the "overview map." This piece of writing has the intention to sketch the outlines of such a map. In order to do this we have chosen to develop and point out differences between different approaches used by the different actors. Instead of trying to explore similarities between different perspectives and thereby giving the impression of a united frontline of computer game research, we have tried to keep the scattered landscape with all its different climate zones and its mountainous topography. Still, in order to be a map the essay needs some sort of internal structure. One way of doing this would be to line up different actors and their findings. Such a structure would probably have the advantage of being coherent but not provide a compelling analysis for the reader. Instead we use the concept of "unit of analysis" (UOA), complementary to the notion of actors. Vygotsky defines this concept in his classical work Thought and language (1934/1986) as: "Units are products of analysis that correspond to specific aspects of the phenomena under investigation" (pp. 211). Following the line of Vygotsky, for our purpose we define UOAs as being the socially constructed object or phenomenon that the actor claims to put under the analytical looking glass and make statements about. Thereby saying that the phenomenon of inquiry is a product of the investigators discursive practice, not a predefined entity with an objective essence. The account in this essay is structured so that arguments and findings that we find have related units of analysis are described and categorized together.
Methods and principles for choosing literature
As mentioned, our main concern is to "sketch a map" over the different research traditions that have studied, theorized and made claims about computer games and childhood. The literature we scrutinize in this essay has been chosen in order to constitute the metaphor of different actors exploring a field with different units of analysis. One way of mapping the different research traditions has been to systematically see how different "villages" in the research community are constituted by researchers using the same references and theoretical approaches, submitting papers to the same conferences and using the same journals to publish their results in. This means that in some cases we have found "villages" where computer games and childhood is not the main concern of the "residents", but a part of a broader research topic, for instance media studies, where computer games are one of many contemporary medias. In these cases we have tried to choose literature relevant to the claims that these actors makes about computer games. In some cases this means that we have utilized literature that does not directly deal with computers games, but are important for the understanding of the specific actor. In other cases this has meant that we have refrained to account for what might be concerned as the mainstream studies of a specific tradition. We have for example preferred to not develop the discussion about television and childhood in spite of the fact that this is a very common theme in media studies on children. Our approach has also led us to make transverse sections in studies and traditions, since specific pieces of writings can contain arguments about different UOAs.
Results
We have found that the studies on computer games have examined slightly different aspects of the artifact. When using the concept of unit of analysis as a rational for classification, the studies can be grouped under five different units of analysis. The analysis of computer games as a part of western society, the analysis of the rhetorics about computer games, the analysis of the elements in computer games, the analysis of the effects of using computer games and finally the analysis of the activity of using computer games.
The analysis of computer games as a part of western society Some studies within the fields of cultural studies, anthropology and folklore research raise broad questions about the role of computer games in western society, the history of the artifact and the new cultural practices that emerge when computer games becomes a part of childhood. The study of computer game history is often a devoted description of past time technologies, starting with the first pong games and ending up in some contemporary game with glossy 3D graphics (Egenfeldt-Nielsen & Smith, 2000; Poole, 2000) . Others have tried to depict how computer games change our culture. For instance how game aesthetics influence other cultural expressions (McKenzie, 1994) or how new media changes the way children spend their time (Nikken, 2000) . The works of Sherry Turkle, even though she has the Internet as primary focus, can be described as making statements about computer game culture. One of the points Turkle makes in Life on the screen (1995) is that some dimensions of reality is lost in the culture of "simulation." Turkle points at two different effects that simulations have on culture, the crocodile effect and the Disneyland effect. The crocodile effect is the notion that virtual occurrences with all its aesthetics and dramaturgy may become more attractive then real life. The Disneyland effect is that some cultural phenomena's are so obviously artificial or virtual that simulations in a sense can seem more real.
"After a brunch on Disneyland's Royal Street, a cappuccino at a restaurant chain called Bonjour Café at an Anaheim shopping mall may seem real by comparison. After playing a video game in which your opponent is a computer program, the social world of MUDs may seem real as well." (Turkle, 1996) A similar idea, although a little more cynical is put forward by the post-modern philosopher Baudrillard (1994) when he is proposing that the border between the theme park and the parking lot at Disneyland is a construction that makes us believe that the rest of America is real. For Baudrillard this is the concept of simulacra, a simulation without a reference, something pure virtual which has never been real. An even more dystrophic view is found in the arguments put forward by Neil Postman. Postman means that our literate culture is in crisis since we have left interactive media in the hands of the entertainment industry and that they have failed to develop products that are beneficial for children (Kline, 2000) .
Gender and computer games
Many studies on children and computer games have observed that gaming to a large extent is the boys scene of action (Jessen & Holm-Sorensen, 1999; Johansson, 2000) . Others have found that boys and girls play in a rather different way and show preferences for different activities (Alexandersson, Linderoth, & Lindö, 2001; Kafai, 1996; Sanger, Willson, Davis, & Whittaker, 1997) . Sanger et al. (1997) showed in their study that boys on the whole seemed to prefer games that were competitive, had strict rules and required the player to demonstrate supremacy, while girls seemed to prefer purposeful games that involved practical, real-world problem-solving and gave a sense of completion. Another noticeable difference was that boys in general knew more about the technical capacities of their computer game consoles. The boys were also more likely to compare their computers with each other or with machines on the market. The writers comes to the conclusion that one step towards changing the masculine dominance would be to ensure that pre-school children have the opportunity to interact with computers in nursery settings since girls of this age not yet have formed the gendered opinion that computers are more appropriate for men. Another way to solve the problem with masculine hegemony in the world of computer games that has been suggested is to design computer games with elements that attract girls (Subrahmanyam & Greenfield, 1998) . This way of solving the problem has been criticized, since it might lead to:
"targeting only the most stereotypical aspects of current girlhood /…/ once again ghettoising girls interests as the marked option." (Cassell & Jenkins, 1998, pp. 45) The analysis of the rhetorics about games
Since the postmodern turn in social sciences the concept of discourse, as cultural ways of understanding and construing the world, has become a common and accepted unit of analysis. Some studies and arguments that are relevant to the understanding of computer game research have scrutinized the discourse or the rhetorics of play and games. The perhaps most exhaustive work with this unit of analysis has been done by professor Brian Sutton-Smith in The ambiguity of play (1997) . In this work Sutton-Smith elaborates seven different ways of thinking and talking about play, taking his point of departure from the assumption that:
"to bring some coherence to the ambiguous field of play theory by suggesting that some of the chaos to be found there is due to the lack of clarity about the popular cultural rhetorics that underlie the various play theories and play terms."(pp. 7)
One common way of understanding play is within the rhetoric of what Sutton-Smith calls play as progress. This notion is that animals and children develop through play, an argument often used by educators. Play is then conceptualized as a form of socialization and cognitive growth, being primarily about development rather then enjoyment. Brougere (1999) discusses different arguments about the educational value of simulations and games. In the matter of play as progress he points out that this way of reasoning is a whole "school of thoughts" constituted by developmental psychology and instructors specialized in preschool education. The basic assumption is that learning always occurs while playing. Brougere is critical on two points, first the fact that play activities are diverse phenomena (Se also, Alexandersson et al., 2001; Callios, 1961) second that the theoretical justification seems to be more rhetoric then scientific. The pedagogical value of games is then accepted even though: "The passage from the play experience in its singularity to learning content is sometimes very mysterious; recourse to theoretical references can have a magical aspect that keeps us from addressing the problem in its singularity. "(pp. 135) According to Brougere this is not the case in the tradition of using games in higher education, and he sums up his criticisms by pointing out that this is a quality in the literature about simulations for adults. This does not mean that there has to be another discourse at work in the tradition of using simulations in higher education. Since Sutton-Smith claims that the play as progress idea only comprise children and animals, not adults, there seems to be an idea of having different rationales for designing and using educational games for children and adults.
The qualities in the literature concerning adult simulations that Brougere suggests, might then be neglected when designing, evaluating and analyzing children's usage of educational games.
When it comes to the more specific study of the rhetoric and discourses about computer games and digital play Barbro Johansson (2000) takes an ethnological point of departure when she is analyzing "what children and adults do with the perceptions of childhood which arise in connection to children's computer usage." (pp. 51) Johanssons study deals with children's encounters with computers in general, but some results focus games more specific. For instance she points out that parents often are skeptical to the usage of games in education, claiming that the activity in school should be useful and not just play. Educators on the other hand use the rhetoric of play as progress to legitimatize the use of educational games, claiming that children just "think that they are playing" while they in fact actually are learning. Children are aware of this tension between different arguments about the qualities of using games, and utilize different discourses about play in order to legitimize various activities. They can for instance play with a game in a way that does not facilitate learning, (se also Alexandersson, Linderoth, & Lindö, 2000; Alexandersson et al., 2001 ) "hiding" behind the discourse of play as progress.
Another rhetoric connected to computer games and childhood is the concept of the competent media child, who is capable of seeing the difference between fact and fiction (Johansson, 2000; Rönnberg, 1997) . Johansson (2000) shows that this discourse, just as the concept of play as progress, is known to and thereby utilized by children. By construing themselves as competent, knowing the distinction between reality and imagination, children become advocates for their own usage of products that adults might think is inappropriate.
As we have seen the rhetorics of computer games seems to be connected to the more comprehensive questions about play in childhood and children's use of media. A third field that is related to the discourses about computer games is the different apprehensions about the technical development in western culture, and the importance of being an adequate member of the future society. According to Johansson (2000) , parents believe that their children will have benefits in their lives of knowing how to handle a computer and they want to share their knowledge. Furthermore they look upon it as a positive act of doing something together in the family. A sense of community is an important ingredient in the dominated discourse of the happy family.
As early as in the beginning of the 20 th century when the first mass-produced toys start selling there are two main arguments that appear; happiness together with social and intellectual practice. The funny, instructive toy is advertised from mechanic toys in the1920ies to computer-games in the 1990ies. The message is that children have a right to be happy and that this is achievable through economic expenses from the parents (Johansson, 2000) . Hence the claims made about today's computer games, being artifacts that are both entertaining and educational, is not a new line of reasoning.
The analysis of game elements
Designers as well as researchers in the fields of semiotics, digital arts, media and literary studies have an interest in producing knowledge about the actual games. Raising questions about the narrative structure of the media (Aarseth, 1997; Frasca, 1999; Juul, 1998 Juul, , 2000 , mapping different game genres (Konzack, 1999) and examining the images, sound and spatial layout in game worlds (Aarseth, 1998; Alexandersson et al., 2000; Eriksson, 2001; Poole, 2000) these studies could be described as studying the different elements that constitutes the type of artifact we call computer games. Since these research traditions scrutinize games as objects, childhood is not separated as an analytical category. Nevertheless the findings and discussions in this type of research can shed some light over children's encounters with computer games.
Narration
One way of understanding computer games is the idea that they are a form of interactive stories and that gaming is a narrative experience. Computer games are then placed on a hierarchical time-line of different narrative medias that starts with oral storytelling, continues with written stories and movies, ending up with computer games (Gärdenfors, 1999) . The possibility to interact with games is then said to be a revival of some of the qualities that oral storytelling had before written langue.
3 In order to design computer games with compelling stories, much effort has been put in to theorizing about the different ways that a game drives a plot forward (Kirksaether, 1998; Murray, 1997) . The idea of seeing computer games as a narrative media has however been seriously questioned (Alexandersson et al., 2001; Juul, 1998 Juul, , 2000 Poole, 2000) . Jessen and Holm-Sorensen (2000) points out that the gaming experience is more related to playing then seeing a film:
"It is a question of another type of excitement and experience that is more closely related to game and play experiences than to fiction genres, such as film or, for that matter, literature /…/ Playing computer games leads to an active identification that is usually linked to games and play" (pp. 121) Poole (2000) is critical to notion of "interactive storytelling", claiming that great stories are dependent upon their irreversibility. In computer games it is always possible to start all over, and by changing actions getting a desirable outcome. A similar line of reasoning has been propounded by Juul (2001) . He states that even though many computer games contain narrative elements, there is a conflict between the now of interactivity and the past of narratives. Games and stories cannot be transposed, like books that can be made into movies. Juul sums up by saying that you cannot have narration and interactivity at the same time. Lindö (2000, 2001) show in a study, with the activity of gaming as unit of analysis (se below), that children often seem to be annoyed by narrative elements in educational games and if it is possible they skip intros and movies so that they can continue with their interaction. This study, even though it has a slightly different approach, seems to confirm the critical voices on interactive storytelling. Alexandersson et al. argue that the dualism between narration and interactivity might be a problem for educational games since the didactic content often is a part of the story in the game. Learning the specific content can then come in conflict with interactivity.
Images
Images are fundamental components in computer games thus they are also an object of inquiry for the study of games. A rather common point of departure for describing images in games and other multimedia is the semiotic perspective where images are seen as symbols, representing "real" objects (Poole, 2000; Rogers & Scaife, 1998; Åstrand, 2001) . When images are viewed upon as symbols and signs that are representing specific phenomena the theoretical line of reasoning ends up with an ontological dualism between representations and presentations of the world (Gibson, 1979) . Åstrand (2001) stipulates, when analysing the game Myst, that the original object, the referent, is of utterly importance in communication science. This essay is not the proper arena to evolve all the philosophical problems that the concept of representations brings along. However, since Åstrands argument seems to be common when theorizing about games and other interactive media (Alexandersson et al., 2000) , it might be appropriate to at least mention the existence of communication and language theories where the concept of representation is severely questioned, for instance speech act theory (Austin, 1962) , the philosophy of the late Wittgenstein (Wittgenstein, 1992) and sociocultural theory (Säljö, 2000; Wells, 1999; Wertsch, 1998) . The problem with the concept of representation becomes especially obvious when studying games since many of the phenomena in virtual game worlds, like dragons, centaurs, teleportation etc. obviously do not have referents in the material world. Åstrand solves this problem in the same way as within the field of cognitive semantics (Johnson, 1987; Lakoff & Johnson, 1980 , by placing the referent in the head of the interpreter. Semiotics and cognitive psychology then form an approach for studying games that does not need a theory of culture. Making sense of images is a mental process of decoding the message (Åstrand, 2001) . This is of course theoretically incompatible with the perception of meaning as socially constructed, negotiated in context and historically built in to culture (Goodman, 1978; Linell, 1998; Shotter, 1993; Voloshinov, 1930 Voloshinov, /1973 . Depending on which theoretical "accent" an actor has in the matter of representation, the ambiguity of pictures and graphics (as well as written text and verbal expressions) becomes either a problem of distortion in the communication cable, or it is something completely natural, since sense making is seen a process of situated negotiation. The discussion of representation seems to be of utterly importance for the interpretation of two aspects of studying games, visual qualities (or non-qualities) of educational games and the influence (or non-influence) of the images in violent media. Eriksson (2001) compared the images of early-illustrated textbooks and pedagogical computer games of today. Her conclusion is that even though the media has changed, the structure and the illustrations in educational computer games have a resemblance with schoolbooks from the 19 th century. Illustrated schoolbooks were developed from a statement of how the illustrations functioned together with the text. Today the design of schoolbooks as well as educational computer games is done more intuitive, not starting in theories concerning cognitive and perceptual processes. Images and pictures are seen as possessor of meaning by it self. Eriksson points out the difficulties for a picture to be a distinct visual representation because of its ambiguity. It is important that both the entity and the details are interpretable and to give the images a distinct message it has to be combined with text.
Taking another point of departure, the uncertainty of images is not a problem. Images has to be comprehended from how it is understood and experienced by the interpreting person. Cultural codes and semiotic systems makes a possible, but far from obvious, frame of reference. Consequently, meaning is ascribed to an image, and not something within the image itself (Alexandersson et al., 2000) . When discussing violent content in images, Jenkins (1999) considers that the significance of pictures often is very individual and private: "These teens used media as a tool for communication their perceptions of the world. Their websites look very different because they are very different teens. Even when they are using some of the same images, they don't mean the same things to them." (Testimony before the U.S. senate commerce committee, 1999) Alexandersson et al. (2001) share the same view in this matter. They argue for the necessity of helping the child to discover the connection between the image and what the image is to be expressive of when using educational simulations and games. Otherwise there is a risk that the knowledge conveyed by the game is only an instrument applicable in the context of playing computer games. One characteristic example of this is when a seven-year-old boy in the study was using Sim safari, which was supposed to teach him about the African ecosystem. The boy did not identify the different animals in the game and when commenting upon the causality between the number of lions and suricates he said: "The big yellow one eats the little brown one" (pp.113). Thereby he learned more about the simulated context then African ecosystems. Thus Alexandersson et al. come to the conclusion that a child's possibility of seeing the surrounding world through images in different computer games has to do with their previous cultural experience. Parents and teachers becomes an important resource for the child's learning, since they are able to elucidate the connection between the images in the game and the phenomena they are supposed to represent.
Spatiality and space in game worlds
In the field of Human computer interaction, some researches have focused on the relation between physical and virtual environments (Bricken & Byrne, 1992; Darken & Sibert, 1996; Hedberg & Alexander, 1994; Satalich, 1995) . The question here is whether or not knowledge about navigation in real environments is applicable to virtual worlds. Some studies claim that principles that simplify navigation in physical settings are valid in virtual contexts (Darken & Sibert, 1996) . Others claim that the relationship between physical and virtual environments is an analogy and the different types of interaction are best understood and scrutinized on their own terms (Satalich, 1995) . Aarseth (1998) claims that game worlds are best understood as allegories of space. Game worlds are often landscapes that "promise more then they keep." For example, in a game it is possible to represent some mountains far away at the horizon that the user cannot interact with. Thus there is a conflict between the represented space and the possibilities to move in the game world. Shotter (1993) makes a similar point when he discusses the fact that the classic computer game Castle Wolfenstein has an "impossible" game world since different rooms overlap each other in a way that is architectonically unachievable. One experimental study (Alexandersson et al., 2000) showed that children's experiences of spatial relations in game worlds is constituted out of two different "layers" in the game, the represented room and the underlying possibilities to navigate.
The analysis of gaming effects
The perhaps most evolved unit of analysis within the study of computer games is the social and psychological effects that these artifacts might have. The research done on gaming effects can be dived into two kinds, those raising questions about negative effects like aggressive behavior and other negative psychological consequences and those searching for positive effects, like the development of cognitive skills and learning of some educational content.
New technology has always been looked upon with skeptical eyes. Mankind has of tradition had a negative attitude towards new phenomena in society, which has felt both unknown and intimidating (Säljö, 2000; Wertsch, 1998) . Every new media has been reacted to as a threat. As far back as during the classical antiquity Plato thought that the art of writing would impoverish mans ability to think. And when the book was spread to the public at large, during the 19 th Century, reading was considered dangerous and addictive, and to read was compared with alcohol and opium. When the radio came many researchers meant that young people would be illiterate and the comics had to undergo the same criticism a couple of decades ago. Nowadays a large number of households have access to television, videos and computers. Books, radio, and comics are not looked upon as a threat anymore, and it seemed that the debate in media more and more is focusing on computer games. The debate on computer games is often compared to the criticism that other media, like films and videos, have endured in the passed. This is, however, only one way of mapping the issue and we would also like to draw attention to the possibility of a comparison between using computer games and play.
Violent computer games and aggressive behavior
Many of the apprehensions that have been raised in the sweep of computer games are the increase of violence. To mention one specific occasion that put the focus on these games, is the debate that followed the tragedy with the death shootings at a school in Littleton, Colorado, USA, in the spring of 1999. This specific event led to a hearing in the US congress, where renowned researchers were invited to presented their perspective on the issue of computer games and violent behavior. Even though there seemed to be some agreement that there is not any clear evidence of a connection between computer game usage and violent behavior, the media debate became loud and infected. One of the speakers, Henry Jenkins (according to Kline 2000) stated:
"When the Littleton shootings occurred calls from the media increased dramatically. Suddenly, we are finding ourselves in a national witch-hunt to determine which form of popular culture is to blame for the mass murders, and video games seemed like a better candidate than most." (pp. 56) Many different national and international associations have funded research on media effects on children. 4 One piece of writing within such a context is an article by Akira Sakamoto (2000) . Dealing with game culture in Japan makes this article especially interesting, due to the fact that computer games have been popular among Japanese people longer than in most countries. Japanese researchers have for a long time been interested in the effects of computer game use. Some empirical studies have been conducted but Japanese researchers only infrequently write their papers in English. This article describes Japanese debate and studies. Sakamoto writes that as many as about 90 percent of Japanese elementary school children posses video game machines for their own exclusive use. As Sakamoto started to research on children's computer game use he found no evidence of increasing violent behaviour but recently he has slightly changed his approach. Actually, Sakamoto now states that computer game use might cause increased violence under particular conditions. "…recent Japanese studies have sometimes shown harmful influence that can be serious. Of course, since there are differences in the results, it is impossible today that negative effects are clearly proved. However, the existence of some results supporting such effects means that the issue cannot be neglected."(pp.73) Like many researchers Sakamoto is of the opinion that most arguments that are said for the harmfulness of computer games have not received great support from empirical research, but rather by their plausible logic. He strongly points out the need for more thoroughly empirical studies to be done. However he summarize the rational behind the arguments why computer games are likely to promote children's violence in three main arguments. First of all comes the fact that the players own violence is rewarded. In comparison to television where the violence of others, such as heroes is rewarded it is believed that the acceptance of violent behaviour could be learnt more effectively through computer games.
Secondly players get accustomed to display violence. In real life people who feel anger never show violence because it is not an available behavioural option, but it is possible that computer games teach people that violence could be an option. (se also Kline, 2000) The third type of argument that Sakamoto points out is that the setting of virtual reality is similar to real life. It is therefore possible that learned advantages of violence in video games are transformed to the context of everyday life. Anderson and Dill (2000) , made a study on American college students, in search for connections between computer game playing and aggressive behaviour. The hypothesis of this study was that there are good theoretical reasons to expect that violent computer games will have similar and possibly larger effects on aggression than other media like TV and movies. According to the results there were some evidence that violent computer game play was positively related to aggressive behaviour and delinquency. The relation was, however, stronger for individuals who were characteristically aggressive and for men. Anderson and Dill believe that these results confirm the fact that parents, educators and society in general should be concerned about the prevalence of violent computer games, especially given recent advances in the realism of video game violence.
Other actors have argued that the reason why computer games are attractive to children does not necessarily have to do with the violence itself but by the challenge, learning how to advance in the game, overcoming difficult situations, solving problems, and competitions. The interest is in this way focused on the interactive nature on the game. Durkin (1995) , who has made reviews of Australian research done on violence and media, points at two causes why computer game play may not result in violent behaviour in kids. Firstly, most children by the age of eight understand the 'virtual' nature of computer games and therefore aggressive behaviour enacted in video games are playful and cognitively distinct from real aggressive behaviours in daily conflicts or interactions. Secondly, many heavy players report that they enjoy the experience of conflict and competition -since playing makes them happy and relaxed rather than angry and hostile, it is not likely to result in aggression. The same conclusion is draw by Jessen and Holm-Sorensen (2000) . In their study they have found that many children are fascinated by computer-games with a strain of violence but that it has little to do with the violence itself. The fascination has more to do with elements in the game described as the spectacular, the impulsiveness, the exaggeration and that the graphic is excellent and real.
"Computer-games has inherited the violence from a cultural tradition and not from fiction, the games have furthermore taken inspiration from the different genres of media and focused on the spectacular effects that generally has an element of exaggeration, which is fully understood by children."(pp.70) Another feared effect of violence in games is that children's language might be changing to include more violent elements. This would then implicate a more relaxed attitude towards violence itself. Several actors have criticized this idea (Jenkins, 1999; Johansson, 2000; Sanger et al., 1997) . For instance Sanger (1997) suggests a way of understanding language similar to some of the reasoning about the images we discussed above.
"Our research tended to confirm the view that children, like other members of society, develop language and forms of physical expression within specific contexts. This is an essential element of play. Therefore, descriptive terms within games play such as 'kill', 'splat' and 'die' are dislocated from their everyday meaning. They do not indicate, necessarily, increasingly violent dispositions." (pp.176.) Some reviews (Griffiths, 2000; Sakamoto, 2000) of the research on computer games conclude that the question of whether games promote aggressiveness cannot be answered at the present. Since the literature is relatively sparse and contradictory and there is many different types of computer games that probably have different effects it is hard to come up with general claims about the impact of violent games. Von Feilitzen (2000) points out, that researches need to distinguish between different types of games and different types of harmful effects:
"Furthermore, the fact that the games continuously change means that research findings on video and computer games during the 1980's and early 1990's cannot be generalized to the new generation of games today, which are based on much more advanced technology and contain much more advanced and realistically portrayed violent elements." (pp.19) A rather common position taken is that computer games evidently can have both positive and negative effects. When designing empirical studies on violent games and its effect on children's behavior most researchers are aware of the specific problems and difficulties that arise. There are obvious ethical problems with experimental methods were you are trying to measure if something might have negative effects. The most common methodological criticism has to do with validity. Effect studies only include short-term measures with experimental methods. Even if these studies show positive results it is always a question of which level of ecological validity that can be ascribed to the specific study.
The development in computer game design is so fast growing and this is of course a problem since many of the studies might be to old to be applicable on the more realistic computergames of today. Another difficulty is the obvious time aspect, that is, children's use of computer games is increasing and playing shorter time or more frequently could of course have different effects. What ever can be said about the difficulties in performing empirical studies in the subject, most researchers seem unanimous about the importance to continue the researches because even the existence of a vague connection between violent media and computer games should not be neglected.
Finally we like to draw attention to the fact that blaming computer games for the increase of violence in society could in fact implicate that we miss other elements of a much greater importance (Jenkins, 1999) . Raising the question might have a hidden agenda with ideological consequences. Perhaps we need to raise the question of who will gain from the discourse about effects of violent media.
Social effects
Another fear about gaming effects might be described as the impact games have on childrens social life. Over the last years there has been an apprehension that children who play computer games will become unsociable, recluse lone wolfs, spending all their spare time alone in their chambers playing computer games. However, many recent studies (Alexandersson et al., 2000 (Alexandersson et al., , 2001 Jessen & Holm-Sorensen, 1999; Johansson, 2000; Sanger et al., 1997) claim quite the opposite.
According to Vygotskys theory (1934/1986; 1987; 1978) about the approximate zone of development, collaboration initiates an increasing awareness that pushes the child's process of knowledge forward. It is not the co-operation in it self that is of importance but the potential for development and learning that liberates in this process where the child has guidance of an adult or of a friend with more knowledge in the specific issue. Alexandersson et al. (2001) show that the computer offers an ample opportunity to collaboration. Children's co-operation around the computer was in general constructive. When two or more children were playing computer games together they were more willing to take risks and thereby challenged their experiences, which seemed to lead to intellectual challenges. The collaboration had both cognitive and social benefits and created a process where children got a mutual response of their thoughts and ideas. Jessen and Holm-Sorensen (2000) conclude that the social benefits from computer gaming are varying and quite a few. All children that take place in the study answer that they play alone but that they prefer playing together with somebody. Playing computer-games is looked upon as an every day activity, where you meet around the game but where the friendship is more important than the actual playing. A common interest for a specific game could also lead to new friends that they meet with, telephone or mail, to talk about the game with. To play computer games could furthermore, according to Jessen and Holm-Sorensen, be a manifestation of performance, to show your friends how well you play a game. Finally playing computer-games is a way for "older" children to be able to continue playing without being ashamed.
In a study similar to Alexandersson et al.(2001 ) Sanger (1997 analyzed 4 -9 year olds and their experiences with information technology, computer games and videos, both at home and at school. The outcome of the research suggests that children prefer to be with other children rather than being by them selves whether they are playing computer games or doing something else.
" Much of what we have witnessed in the research suggests that children still prefer, in the main, to socialize rather than act alone, whether in front of a screen, in the home generally or in the playground or park."(pp.174) According to Johansson (2000) , playing computer games is often an activity that all members of a family jointly participate in, to get a fellow feeling. Many parents take an active part of their children's computer usage. They teach them programs and encourage them to use the computer through using it together with them.
Learning effects
Games and simulations have been employed as learning resources long before the development of computer technology (Avedon & Sutton-Smith, 1971 ) and there is a long tradition of educators using simulations/games in their classrooms (Millians, 1999) . As we discussed in the section about the game discourses and rhetorics, it has been claimed that the positive learning effects lacks empirical evidence and are based on theoretical arguments (se also Avedon & Sutton-Smith, 1971) . While this might be true with some lines of reasoning, especially the positive effects of children's usages, other traditions like the use of simulations in higher education have a long history of critically scrutinize the learning effects when implementing games in educational settings (Brougere, 1999) .
We have found that, in order to make our map of different UOA's, theoretical arguments and empirical findings on learning effects have to be subdivided with another rationale then the children -adult dichotomy. Instead we have found it more appropriate to categorize different statement about learning effects from the underlying principle of "what sort of learning" that computer games are supposed to support.
Media and computer literacy
The traditional way of understanding the concept of literacy is as the ability to read and write, this notion has however expanded to count for other forms of cultural competencies. Thereby it has become possible to talk about different forms of literacies and one can find compositions like: visual literacy, media literacy and computer literacy. These competencies are both the straightforward skills of handling technical devices as well as metacognitive and reflexive abilities (Erstad, in press ). It has been claimed that the usage of computer games leads to the development of media and computer literacy. For instance Pillay, Brownlee, & Wilss, (1999) state that: "Casual observations suggest that recreational computer game players can interpret information presented in games readily. They seem to be able to make meaningful interference just by glancing at complex graphical and textual information." (pp.
2)
The idea that subject learns a cultural competence, a sort of literacy, is related to the idea that gaming leads to the development of different cognitive skills. Pillay et al.(1999) bring up a number of different skills that gamers gain while using games. For example they show that, researchers in technology-based learning environment declare that implementing games in educational settings help students to acquire: skills in practical reasoning, complex problem solving, transfer of learning, making inferences and engaging in inductive reasoning and using metaphorical maps to generate alternative solution paths. In their study Pillay et al. analyzed a gaming situation with 21 students aged 14-18 years, that had some experience with recreational computer games. They found out that: The game players relied on visual features to enhance their ability to achieve a set goal. The game players had an ability to simultaneously deal with multiple sets of information. The constant monitoring of their own thinking by the game players is evident of metacognitive approach. To sum up a number of processes which are also required in problem-solving tasks, the conclusion is that one ought to utilize these processes in formal education.
Cognitive skills
"The findings of this study suggests that recreational computer games may have a role to play in enchanting cognitive skills and processes that also apply in educational situations"(pp. 12) Sanger (1997) claims that it is very difficult to discern what elements of technology that might be productive in children's learning. Some children learn a lot in games like Theme Park, Sim City and other adventure games or even games that encourages the development of spatial awareness like Tetris.
These competencies develop from non-educational game play in non-educational settings. Thus this line of argumentation can broaden the study of learning with games to count for all sorts of games, in all sorts of settings. All of these cognitive processes suggest that educational and recreational software are complementary. Understanding how recreational game players successfully process such complex information can benefit the development of learning and instructional models, for the information technology world (Pillay et al., 1999) .
Learning of content
When it comes to the question of using computer games and simulations in formal education, the idea is often that games will facilitate learning in some subject matter, and that it will do this in a better way then other learning approaches. Thus we have to be aware of that computer games means a lot of different things and that games in the school could be used in various ways. Further more it is of course not easily done to define what we mean with "better". Is it that the child learns quicker, that the learning is more motivated for the child, that the education is more varying or simply that the education is cheaper. One way of approaching the question of the educational value of games is comparative studies, where one tries to measure the effects of using games in relation to traditional learning approaches. Randel & Morris (1992) has made a review over this type of research. From 1963 to 1991, 67 studies were conducted. Among these, 38 show no difference between games and conventional instruction, 22 favor games, 5 favor games, but are questionable and 3 favor conventional instruction. Jens Pedersen (2000) makes a critical point when he argues that it is hard to examine empirically to what extent the usage of ICT in general have positive learning effects. Pedersen points at the mixture of arguments and gives an example: if the pupils did not learn history, at least they learnt how to work independently and if they did not learn that either they did at any rate learn how to use a computer. Knowing how to use a computer is considered important for their future life, but whether that is the case and if it has to do with what they learnt in school is impossible to ever know.
In a Swedish study (Alexandersson et al., 2000 (Alexandersson et al., , 2001 , preschool and primary school teachers with little or none experience of using games for education were offered a number of educational titles and encouraged to use them any way they preferred in their classrooms. These teachers did not implement the games as a part of their regular education. Instead they organized their teaching so that the children could take turns using any game they preferred of the available titles. Both the researchers as well as the educators agreed that there occurred very little learning of the educational content in the game. The reason for this might be the idealized arguments that some researchers and practitioners working with younger children, seem to have about play (Brougere, 1999 ; se also the section on The analysis of the rhetoric's about games above). Another reason for this might be the confusion that Pedersen suggests about what children exactly are to learn from games and the use of ICT in general. This confusion is not a case when it comes to using games and simulations in higher education, were the importance of other learning recourses as support to the gaming experience, and the way that games are implemented in educational settings often is argued as crucial for which outcome the usage will have (Corbell, 1999; Rystedt & Lindström, 1999) . The implementations of games are often part of a larger context, where the game is one of many resources utilized to facilitate learning (Millians, 1999) . This way of implementing the game in a broader learning context with many different complementary resources seems to be essential for the outcome.
Dividing studies, arguments and practices from the rationale of what is learned with games (computer literacy, cognitive skills or subject matters) might cast some light upon the possibilities and pitfalls of using games in education. Still we think that the there might be insights gained if we take another underlying principle as a tool for constructing some subcategories of the ways that learning subject matters are supposed to happen with games. The principle for this is the type of relation between the game and the learning matter.
Computer games as motivators for learning subject matters
One common way of understanding the relation between games and subject matters is that the function games have primarily, is to motivate the learner. The observation that students enjoyed games, has been said to be the reason why educators have tried to use games to enhance learning (Randel & Morris, 1992) . Learning is seen as a side effect of play, where the gaming activity is not directly related towards learning. Instead play as such, has different qualities that are pleasurable (Corbell, 1999) . The graphics (Nobel, 2001) as well as the experience of success and completion (Sanger et al., 1997) motivates the learner to use the product. Thus hopefully learning something. This idea has been criticized (Alexandersson et al., 2001; Johansson, 2000) . When education is framed as being play, for example when children are using computer games, you could look upon it as a manipulation from the school since the children are supposed to believe that the are just playing when they actually are learning. On the other hand you could look upon it in the opposite way: teachers believe that children are learning and do not notice that they are only playing.
Computer games as a structure for learning subject matters
Another way of seeing the educational value of computer games is the idea that games and the activity of using them have qualities that structure the content in ways that makes it more accessible and easier to learn. One theory of all sorts of multimedia is that different forms of representation (pictures, animations, sounds) are better for learning, and enables different cognitive domains or learning styles (Rogers & Scaife, 1998) . Another line of reasoning, more specifically aiming at computer games and childhood claims that play is a natural thing that is of utterly importance for learning. Since play occurs among animals as well as humans, play must precede culture and have biological roots, thus having essential qualities for human nature (Corbell, 1999; Huizinga, 1955) . Corbell argues that games are natural tools of learning, which is part of nature and not a human invention. Following the statement of Piaget that learning essentially involves the two basic activities of exploring and imitating, Corbell points out that play facilitates learning because it is a form of exploration and imitation. Ruled governed play is the mechanism whereby children learn the game of social interaction and play is an essential part of human thinking. Games are thus a "manifestation of safe curiosity", where the learner can explore some phenomena without suffering real distress (Corbell, 1999) . The structural quality can also be on a more social level:
"Simulation/games are a natural component of child development. Young people pretend, imagine, simulate, and play to mimic, explore and understand their environment" (Millians, 1999, pp. 2) Another structural quality that has been explored is that games are supposed to support experiential learning, and thereby being more concrete then traditional learning approaches. One approach could be described as being familiar with live roleplaying or improvised drama, where students are given a character that they are to play within a simulated setting (Millians, 1999; Pedersen, P., 2000) . This could be described as a way of "short circuiting" traditional formal learning which takes the "detour" around abstract phenomena like books and lectures.
Computer games as a representation of subject matters
Finally, the relation between the game/simulation and educational content could be described as games representing the content that the learner is supposed to learn. Obviously, this relation is the principle for simulations where the learner is to understand the underlying model and thereby the simulated phenomena (Spector, 2000) . The topics of this approach are of course phenomena that easily can be made into mathematical models and thereby simulated. Examples are business, economics, transport, pollution, human resources, electronics (Crookall, 2000) military events and strategy (Corbell, 1999) and nursing expertise (Rystedt & Lindström, 1999) . Another type of educational goals can be found in the tradition of using simulators, where the idea is not that the learner will gain an understanding of the underlying model but practice some sort of sensorimotor, cognitive or social skill. The simulator thereby represents a physical environment where the learner safely can make mistakes. This can also be seen a sort of experiential learning, but not driven by the idea of "short circuiting" traditional learning.
The analysis of the activity of using computer games
The final UOA, the activity of using computer games, we have found to be the least developed in terms of quantity, thereby not suggesting that it is of less importance for the study of games. By the UOA of the activity of using computer games we mean empirical studies and theoretical arguments about what users say and do while using the artifact. This approach is often connected to social theories of learning (Alexandersson et al., 2000 (Alexandersson et al., , 2001 , informal learning processes (Vered, 2001) and the criticism of different, positive as well as negative, rhetorical claims about the activity that are found to be just rhetorics when scrutinizing the actual activity of game play (Johansson, 2000) . Vered (2001) scrutinized children's media habits in the "out of school hours care facilities." Her study shows that the use of different technologies and medias, such as the Game Boy device, helps children to create an intermediary space between formal and informal learning, which is of most importance for their development of media literacy. One of Vereds conclusions seems to be of utterly importance, providing some new insights into the study of games. This is when she states that technologies in the playground have other meanings then the computers in the classroom (Vered, 2001) . In analogy to this Johansson (2000) shows that there is a huge difference between the physical and virtual dimensions in children's gaming situations. While there might occur a virtual massacre in the game, the atmosphere in the physical room and between the children can be pleasant and friendly. Alexandersson et al. (2000) show that the activity of gaming are best understood as number of different doings, with different goals.
Conclusion
Using unit of analysis as a rationale for categorization, we have tried to sketch the outlines of arguments and findings of computer games that might be of relevance for children's game play. As a result of our readings we have found that the research can be categorized as having studied five different, sometimes overlapping, units of analysis, computer games as a part of western society, rhetoric about computer games, elements in computer games, effects of using computer games and finally the activity of using computer games. Within this field of different approaches and traditions there seems to be one thing that many actors have in common and that is the urge to predefine their analytical categories sometimes using a normative hidden agenda. For instance the idea that using computer games is an activity we call play, and that play in its essence have some qualities, like being a natural component in child development. In analogy to this, understanding games as interactive narration is to state what sort of experience games provide, this without any sort of empirical studies on what users actually do when using the media. The same thing seems to be the case in the ongoing search for a connection between violent media and aggressive behavior. Here the concept of "aggressive behavior" is problematic since it can stand for both pretended aggression in a play context, as well as expressions of real violence. When actors predefine their analytical concepts in accurately terms they seem to precede the actual analysis. A problem that can be seen trough the words of Vygotsky (1986) , when he is defining the proper unit of analysis for understanding the connection between thought and language:
"Nothing is left to the investigator but to search out the mechanical interaction of the two elements in the hope of reconstructing, in a purely speculative way, the vanished properties of the whole. In essence, this type of analysis, which leads us to products in which the properties of the whole are lost, may not be called analysis in the proper sense of this word. It is generalization, rather then analysis." (pp. 4)
The quotation above could just as well count for the study of computer game effects, were the two elements, game play and outcome considered to "interact mechanically." The fact is, even if it seems rather counter intuitive, one could claim that violent media and literature might be of importance for children's creativity. In Lindqvist's (1995) studies on children's play she states that it is of outmost importance that play contains dramatic plots that affect and interest children. According to her studies dramatic ingredients like fear, safety, freedom, compulsion, power, equality etc. are crucial for the way that child literature inspires to play. If feelings like this are taken away from the literature, children have no enthralling material to play with. Out of this comparison it could be possible to argue that conflicts and aggression is one of the ingredients that are essential for literature and media to be compelling for children. We are not suggesting that one should not concern about violent media, we are merely pointing out the complexity of the problem. The reason why there still is not any clear evidence of negative effects, might have to do with the formulation of the questions. Similar problems are found in the studies of positive learning effects. In order to make comparative studies, learning must be predefined as being one measurable thing. Thereby some actors are closing the door to the question if students learn something else from games than traditional learning methods. Like Jens suggests, the possibility to justify educational usage of games and ICT in general, claiming that the students learn something else then the subject matter is an obvious risk. Still the question of what students learn from the situated activity of using games remains and is empirically possible to study without making normative judgments about "good" and "bad" learning methods. This would imply that there ought to be a change in unit of analysis, from a focus on effects, to a focus on the actual activity. If the academic study of computer games is to do something more than provide the game industry with a buffet of rhetorical sales arguments, we need to seriously confront the predefined and sometimes normative categories like for example idealized romantic views of childhood. When Henry Jenkins made his testimony before the US congress, he stated that there had been a lot of attention in the debate trying to understand what the media were doing to children. Instead Jenkins (1999) suggested that "…. we should be focusing our attention on what our children are doing with media." We find that this is a suggestion that also should be taken seriously in the academic study of computer games. 1 The research here accounted for has been financed by; the Children's awareness of technology (CHAT) working group within the European network of excellence for intelligent information interfaces (i3), the project Developmentally appropriate technology for early childhood (DATEC) funded by the connect program and the Swedish national agency for higher education. 2 We will use the term "computer game" when referring to games played on a home computers as well as for games played on game consoles such as Nintendo and Playststion, The later are often called "video games" but we find no reason to keep this distinction since consoles are computers as well. 3 For instance, the writer Douglas Adams who makes this claim when he reflects on the process of making a computer game based upon a book (Jones, 1997) . 4 For example the UNESCO International Clearinghouse on Children and Violence on the Screen, whose operations are financed jointly by the Swedish Government and UNESCO. The work of the Clearinghouse aims to increase our understanding of children and media violence. One of the most important tasks is the publication of a Yearbook. The third yearbook (2000) treats two themes, violence in video and computer games and pornography on television and on Internet.
